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Abstract. Over 30 issues have been identified that indicate standard test methods may
require modification when applied to home made or improvised explosives (HMEs) to
derive accurate sensitivity assessments by small-scale safety and thermal (SSST) testing.
These results come from a round-robin type proficiency test conducted among five explo-
sives testing laboratories for the Integrated Data Collection Analysis (IDCA) Program
sponsored by the Department of Homeland Security. The participants had similar equip-
ment, usually differing by vintage. This allowed determining how each participant per-
formed on a specific material and how this performance differed from the average. Some
general trends observed for each series of tests include: 1) Drop hammer—LLNL usually
found the materials less reactive than the average at low drop heights and LANL usually
found the materials less reactive than the average at high drop heights; 2) Friction—
LLNL found the materials less sensitive than the average; 3) Electrostatic discharge
(ESD)—NSWC IHD usually found the materials less sensitive than the average; 4) Con-
stant heating rate differential scanning calorimetry (DSC)—very reproducible for all the
participants. In addition, the standard, RDX, was tested multiple times throughout the
proficiency test by all the participants. This provided a very large set of data to apply sta-
tistical analysis typical for this type of testing. Application showed there were statistical
differences among the performers due to sandpaper type (impact), operator and detection
method (impact, friction, ESD), humidity (ESD), age of equipment (ESD) and sample
pan type (DSC). These results will be discussed in this report in terms of the how accu-
rate are SSST testing data with respect to inter- and intra-laboratory testing.

Introduction

One of the first steps in establishing safe han-
dling procedures for explosives is small-scale safe-
ty and thermal (SSST) testing."” To better under-
stand the response of home made or improvised
explosives (HMEs) to SSST testing, 16 HME ma-
terials were compared to three standard military

explosives in a proficiency-type round robin study
among five laboratories, two U.S. Department of
Defense and three U.S. Department of Energy,
sponsored by the Department of Homeland Securi-
ty, Science & Technology Directorate, Explosives
Division. The testing matrix has been designed to
address problems encountered with improvised



materials: powder mixtures, liquid suspensions,
partially wetted solids, immiscible liquids, and
reactive materials. All testing materials and/or
precursors came from the same batch distributed to
each of the participants and were handled, pre-
treated, and mixed by the standardized procedures.

Over 30 issues have been identified that indi-
cate standard test methods may require modifica-
tion when applied to HMEs to derive accurate sen-
sitivity assessments.”* The recommendations for
modification of testing are: 1) develop new sam-
pling methods that guarantee obtaining a repre-
sentative sample, particularly for very small sam-
ples of mixtures, samples that have a volatile com-
ponent, and samples that have large mismatch of
particle sizes; 2) carefully assess particle-size dis-
tributions of mixtures, as particle size affects most
measurements; 3) recognize that safety testing is
linked to the handling conditions (so safety testing
conditions must reflect the operation that is being
assessed); 4) recognize that relative sensitivity to a
standard can change when testing conditions are
altered, and that testing may not reflect the true
sensitivity of the material for specific application;
5) develop new methods to test liquids, specifical-
ly handling the volatility issue and standards; 6)
develop instrument-based detection to lessen the
reliance on observation.

These results will be discussed in terms of the
how accurate are SSST testing data with respect to
inter- and intra-laboratory testing.

Experimental

The experimental methods have been re-
viewed in detail elsewhere.”® Briefly; the testing
included impact (Type 12 drop hammer), friction
(German Bundesanstalt fiir Materialpriifung—
BAM and Allegany Ballistics Laboratory—ABL
methods), electrostatic discharge, ESD (ABL and
custom built), and thermal (constant heating rate
differential scanning calorimetry—DSC). All par-
ticipating laboratories had some version of this
suite of testing instruments.

The source and preparation of the materials
used in the proficiency test have also been re-
viewed previously. All pretreatments and mixing
followed IDCA procedures.”’ Specifically, drying
was at 60°C for 16 hours, then the materials were
cooled and stored in a desiccator.

Results

Table 1 shows the materials studied, the ab-
breviation found throughout the text and the phys-
ical form. The variety and complexity of the
forms of the mixtures and compound provided
many challenges for testing.

Table 1. IDCA mixtures and pure materials
formulations

Material® ID Form®
KCIO4/Al KP/AI Dry powder
Kclo,/c* KP/C Dry powder
KClO,/dodecane KP/D Wet powder
KClOs;/dodecane KC/D Wet powder
KClOs/sugar® KC/Sugar 100 Dry powder
KClOs/sugar® KC/Sugar AR Dry powder
NaClO,/sugar’ SC/Sugar Dry powder
AN AN White powder
Bullseye® gunpowder GP Black powder
AN/Bullseye® gunpowder | AN/GP Gray powder
UNi/AI® UNi/Al Dry powder
UNi/AI/S UNi/AI/S Dry powder
Hzoz/cuminh'i HP/Cumin Viscous paste
H,0,/nitromethane’ HP/NM Miscible liquid
Hzoz/flourh'k HP/Flour Sticky paste
H,0./glycerol” HP/Glycerol Miscible liquid
HMX Grade B HMX Powder

RDX Type Il Class 5 RDX Powder

PETN Class 4 PETN Powder

® Mixture or pure material, ® observed physical form, © activat-
ed charcoal (Darco), d icing sugar + -100 mesh KCIO;,  icing
sugar + as received KCIlOs, fammonium nitrate, ® Urea nitrate, h
70 percent H,0,, " cuminum cyminum, g0 percent H,0,, .
chappati, 'standard

Generalized Comparison of Results among Partic-
ipants

The five-laboratory team helps answer the
question: are there differences in SSST testing
results among participants for a specific material?

Impact sensitivity. Fig. 1 shows a graph of the
impact data from the individual participants com-
pared to the average of all the participants for each
material. The values are the DHsg, in cm, by a
modified Bruceton method,” load for 50 percent
probability of reaction. The red line is the average
data and the symbols are Individual laboratory
data.

The results in Fig. 1> are for the 0 to 50 cm
range and show: LLNL (red circles) values mostly
are above the average line for sensitivities below
DHj of 50 cm; LANL (blue squares) values gen-




erally are below the average line for sensitivities
below DHso of 50 cm; IHD generally tracks LANL
values, but show slightly higher sensitivity; AFRL
values generally reports the highest sensitivity of
the all the participants for a specific material. The
90 to 170 cm drop height range (not shown) indi-
cates: LLNL and AFRL are below the average;
LANL values are above the average: IHD values
do not exhibit a trend.
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Fig. 1. Impact sensitivity data by modified

Bruceton method (DHsp in cm) for the average of
all participants vs. the average of each of the par-
ticipants in range of 0 to 40 cm.
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Fig. 2. Friction sensitivity by modified Bruceton
method (Fso in kg) for the average of all partici-
pants vs. the average of each of the participants
taken on BAM testing equipment.

Friction sensitivity. Friction sensitivity was
measured in the proficiency test by testing with
BAM and ABL equipment. Friction testing re-
sults, Fso, are reported here with the BAM equip-
ment. Fsg, in kg, is by a modified Bruceton meth-
od,” load for 50 percent probability of reaction.
The red line is the average of all the data, in kg,
and the symbols are the individual lab data. The
results for the ABL equipment will be reported
below with a comparison analysis of these materi-
als on both the ABL and BAM equipment.

The results in Fig. 2 show: LLNL (red dots)
always derives a value for Fsy above the corre-
sponding average value for each of the materials
(except in one case); LANL (blue squares) always
derives a value for Fs5y below the corresponding
average value for each of the materials; THD
(green diamonds) values tend to be around the
corresponding average values. LLNL finds the
materials to be less sensitive.

Spark Sensitivity. In the proficiency test, two
ESD systems were used, the commercially availa-
ble ABL system (differing vintages) and a custom
built system by LLNL. Except where noted, all
the data compared below were derived from com-
parable ABL systems. Fig. 3 shows the data. The
red line is the average data and the symbols are
Individual laboratory data.
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Fig. 3. ESD sensitivity data (TIL in J) for the aver-

age of all participants vs. the average of each of

the participants taken on ABL testing equipment.

The data are represented by TIL’, which is the
load (joules) at zero reactions out of 20 or fewer



trials with at least one reaction out of 20 or fewer
trials at the next higher energy level. Individual
data of each participant are represented vs. average
data of all the participants (1:1 is red line). LLNL
(red dots) and AFRL (black triangles) have limited
data sets with the ABL device. In general, IHD
(green diamonds) report lower sensitivities com-
pared to LANL (blue squares).

Comparison of BAM Friction and ABL Friction
Results

In the proficiency test, friction sensitivity was
measured by both the BAM and ABL methods.
Usually, a testing laboratory has one or the other
instruments. However, IHD had both types of
equipment allowing for a direct comparison of
both types of data. This facilitated an answer to
the question is there a translation function between
the two techniques?'’

The architectural designs of ABL friction and
BAM friction testing equipment are vastly differ-
ent and hence the response to the various HMEs is
different. The ABL is more like a “nip” and BAM
is more “plow like”. Fig. 4 compares the opera-
tional parameters of the two methods, accentuating
the differences in the mechanisms by which the
friction insults are applied.

ABL Friction

Non-rotating

BAM Friction I F

Hardened Tool-.
Steel Friction E
Wheel
Ceramic Peg
Textured
Ceramic " "
Hardened Tool- “Nipped” Plate Plowed
Steel Anvil « Material i/ Material
e _
v

VELOCITY: CONSTANT; SELECTABLE = VELOCITY: SINUSOIDAL; INVARIANT

Fig. 4. Diagrams of ABL and BAM Friction ac-
tion during testing

The ABL method has only hardened steel sur-
faces, while the BAM method uses porous ceram-
ics. The insult point for the ABL method is a
nipped or pinched area between non-porous two
steel surfaces. While for the BAM method, the
sample is plowed over a porous surface with the
use of a ceramic peg. In both cases, the support
surface moves, but this motion is different in the
two cases. It is also important to remember that
the ABL applies force using pressure-regulated
action and BAM applies force using weight regu-

lated action, so the response levels are in psig and
kg, respectively.

Table 2 lists the average data for the Fs, and
TIL determinations by the ABL and BAM meth-
ods. Conditions of the measurements have been
reported elsewhere.'’ The method for determining
the average has been delineated previously.’

Table 2. Fsy and TIL values by ABL and BAM
Friction Methods

Material ABL TIL, psig; Fso, psig | BAM TIL, kg; Fso, kg
KP/Al <30;51 16.5; 26.8
KP/C 112; 281 >36.7; ND
KP/D 350; 717 33;>36.7
KC/D 135; 498 16.5; 26.8
KC/Sugar 100 30; 42 23,44
KC/Sugar AR 123; 150 3.2,3.6
SC/Sugar 225; 447 4.4;15.8
AN 385; ND 36.7;>36.7
GP ND; 316 13.9; > 36.7
AN/GP 76.6; 159 12.2;12.7
UNi/Al 217; 555 >36.7; ND
UNi/Al/S 217; 376 >36.7; ND
HP/Cumin >1000; ND 8.6;11.2
HP/NM >1000; ND >36.7; ND
HP/Flour >1000; ND 11.4; ND
HP/Glycerol >1000; ND 11.8;17.5
HMX 45; 112 8.6;14.1
RDX Set 1 55; 141 15.1; ND
RDX Set 2 92; 207 11.8;27.8
RDX Set 3 92;123 11.4;19.3
RDX Set 4 75; 160 11.8;17.5
PETN 7.7;42 4.3;6.9

1000 psig is upper limit for ABL method; 36.7 kg is upper limit for BAM
method

The differences in design of the two methods
are evident in some of the materials. For example,
the HP/fuel mixtures exhibit no sensitivity in the
ABL method, but have various level of sensitivity
by the BAM method. The UNi mixtures show the
opposite trend exhibiting no sensitivity by the
BAM method but reasonable sensitivity by the
ABL method.

The relative ordering of the Fsy or TIL values
of the sensitivities of the materials highlight the
differences (and similarities) of the two testing
methods. If the sensitivity of a specific material is
compared relative to a well-characterized standard,
then the almost impossible task of comparing sen-
sitivities in kg to sensitivities in psig at a specific
velocity is somewhat overcome. For TIL and Fs
for the two methods, ABL and BAM, KC/Sugar




and PETN are generally on the top of the list for
friction sensitivity. HMX is rated relatively less,
but still near the top of the list for relative sensitiv-
ity. On the opposite end of the sensitivity scale,
UNi mixtures tend to exhibit little or no friction
sensitivity for both the methods.

Many of the other materials exhibit one type of
behavior for one method, and the opposite behav-
ior for the other method. Examples of these are
KP/Al, KP/C, and SC/Sugar.

Liquids and pastes tend to be less sensitive on
the ABL method compared to the BAM with ex-
ception of HP/NM mixture. This could be attribut-
ed to the miscibility of nitromethane in hydrogen
peroxide.
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Fig. 5. Friction sensitivity by TIL assessment by
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Fig. 6. Friction sensitivity by Fso assessment by
ABL (x-axis) and the BAM (y-axis) methods

In attempt to determine if there is a direct cor-
relation between the two methods the TIL data for
the materials are shown in Fig. 5 and for the Fsq
data in Fig. 6. In both figures, the x-axis repre-
sents the ABL data values, and the y-axis repre-
sents the corresponding BAM data values.

Clearly there is no correlation of the data be-
tween the two testing methods. Dividing the data

into subgroups does not provide any correlations
(HMEs, TIL R* = 0.5372, Fso R* = 0.16708).

Comparison of Statistical Analysis of RDX

In the proficiency test, RDX Type II Class 5
was used as the primary standard. As a result, the
material was examined several times throughout
the testing. This provides a significant amount of
data on the same material to calculate some statis-
tics that can help answer the question what is the
margin of error for a specific determination of
RDX? These values can be used as a basis for the
margin of error on other materials that statistics
cannot be done on because of time and material
limitations.

Equivalency of RDX drop hammer (DHs;) da-
ta. Fig. 7 shows box plots'' of the impact data tak-
en for RDX during the proficiency test. The data
are grouped by participant (LLNL, LANL, IHD,
AFRL, and SNL), sandpaper type (180 is 180-grit
garnet, 150 is 150-grit garnet; 120 is 120-grit
Si/C), and whether the data were reduced by the
Bruceton® or Neyer'” (B or N, respectively) meth-
ods. The colored boxes are 50 percent of each data
set; the mean is the center of the box; the median
is the line in the box; and the range is the vertical
bar. The full sets of testing variables are sandpa-
per, striker weight, temperature, humidity, detec-
tion method, and operator. The invariables are the
source of the RDX (all from the same batch), the
drying procedure’ and the mixing procedure.’
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Fig. 7. Box plot of the DHs, values grouped by
participant sandpaper grit size and data reduction
method

Visual inspection suggests that the results
range from symmetric to skewed and that a subset
or subsets of the different groupings are likely in
agreement with each other, based on overlap of the



shaded regions and to some extent the max/min
bars. The AFRL 180 data appears to be signifi-
cantly separated from the rest.

Further analyses were conducted to verify sta-
tistically this observation (AFRL 180 data is sepa-
rated). Analysis of variants or ANOVA'"'* analy-
sis yielded a p-value of 0.000, indicating at least
one of the data sets represented in Fig. 7 is statisti-
cally different than the others and there is less than
0.1 percent chance that this assessment is in error.

Although the p-value indicates there is an out-
lier, it does not indicate which one. Further analy-
sis by Tukey and Fisher methods'™"” allow sub-
grouping to better identify the outlier. The result
of these subgrouping is discussed elsewhere'', but
both methods show the AFRL 180 data set is cate-
gorized alone into a subgroup, further substantiat-
ing the ANOVA results above.

Further analyses data obtained during the pro-
ficiency test on RDX show, for DHsg, the ex-
pected results are a mean value of 21.5 cm with a
27 percent variability, and for BAM Fsp, a mean
value of 21.0 kg and a 40 percent variability.

Correlations with testing variables. In SSST
testing, the environmental variables are often at-
tributed for the differences in results on the same
material. As a partial test of this theory, the RDX
results were parameterized with a limited number
of obvious variables.

Fig. 8 shows the impact data (DHsy, in cm) as
a function of sandpaper type (noted as grit size),
testing room temperature, testing room relative
humidity, and striker mass. Other than possible
sandpaper effects, the graphs offer no correlations.

Fig. 9 shows a similar examination of the re-
sults obtain using the BAM friction instrument
using a modified Bruceton (Fs5, in kg) or the
threshold initiation level (TIL, in kg) analysis
methods for testing room temperature, and testing
room relative humidity. There is a possible corre-
lation with humidity for the Fso data (from IHD,
40% RH).

Many comparisons have been reported on the
effect of sandpaper on impact sensitivity.” As
well, studies on the role of grit on non-shock initi-
ated reactions indicate that grit size and hardness
are important parameters for initiation.'” Further
work has been conducted on determining the ex-
tent of the sandpaper effect by varying particle size

of the energetic material and the grit size and com-
position of the sandpaper.'® No further work on
determining the relationship of humidity to BAM
and ABL friction measurements is planned.
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ESD threshold values. ESD provides coarse
data because of the ways the energy levels are set
(each participant sets discrete levels differently.
This presents many repetitive values and cluster-
ing, but ANOVA analysis cannot be applied, so
this data set is handled differently than above.

Fig. 10 shows the ESD data sets determined as
TIL and the level above TIL (TIL+, at least one
positive out of 10 or 20 trials). The data from IHD
do not overlap with the data from LLNL and
LANL. This has been attributed to the much high-
er amount of humidity at IHD, compared to the
other testing laboratories. The TIL range is 0.025
to 0.095 J, average 0.046 J with a > 50 percent
variability. The TIL+ range is 0.0625 to 0.165 J
with an average of 0.091J and a variability that
cannot be calculated because some results fall out-
side of experimental range.
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Fig. 10. Average TIL and TIL+ values for RDX
Class 5 Type II ESD results. LLNL results using
the custom instrument with a 510-Q resistor are
not included.

Thermal data for RDX. Thermal sensitivity
was measured by differential scanning calorimetry
(DSC) during the proficiency test. The default
conditions were a 10°C/min heating rate, TA In-
struments pinhole vented sample holder, and ap-
proximately 40 to 500°C heating range.

For RDX, the proficiency test yielded 46 dif-
ferent data sets, with 3 different sample holder
types (2 sealed and 1 open). Fig. 11 shows a com-
parison of the RDX examined in the standard sam-

ple holder and a specialized high pressure SWISSI
sample holder.
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200Temp(;;;ature, 7"4&
Fig. 11. Example DSC scans of RDX Class 5
Type 11 in typical pinhole hermetic pans (blue
lines) and one type of sealed pan (green Lines).

The details of the comparison of the sample
holders can be found elsewhere.”'' The results
show the measurements with the sealed sample
holders indicate higher enthalpies of decomposi-
tion because they do not allow gas to escape dur-
ing heating. For example, the exothermic broad
maximum in Fig. 11 is around 4000 J/g and 2000
J/g for the SWISSI and pinhole sample holders,
respectively. The pinhole sample holders allow
gas to escape at a controlled rate that removes heat
from the system, lowering the total observed en-
thalpy. This also affects the maximum or mini-
mum temperatures of these features, but to a lesser
extent. For example, the T.x range of the broad
exothermic feature in Fig. 11 is 237 to 242 °C and
239 to 244 °C, for SWISSI and pinhole sample
holders, respectively.

Discussion

Generalized Comparison of Results Among Partic-
ipants

The IDCA found when applying standard
SSST testing techniques to HMEs, modification of
procedures might be required before meaningful
data can be derived. Below are results from test-
ing a specific material or materials that can be
generalized to issues that need consideration be-
fore testing any HME.

* Pure solids—sandpaper selection can affect im-
pact sensitivity results so grit size, sample prepara-
tion and particle size must be considered;



* Solid-solid mixtures—same sandpaper issues for
impact sensitivity; in addition, obtaining a repre-
sentative sample and particle size mismatch have
to be considered in determining reactivity in all
tests, especially DSC;

* Solid-liquid mixtures—volatility of components,
solid particle issues, and obtaining a representative
sample must be considered for all tests;

* Liquid-liquid mixtures—volatility of components
and mixing are important considerations in obtain-
ing a representative sample for all tests;

» Relative sensitivity compared to standards—
sandpaper affects both sample and standard, but
not necessarily the same way; something can be
sensitive with one sandpaper and not sensitive
with another in impact testing;

+ Absolute sensitivity—operator subjectivity, test-
ing environment and choice of testing parameters

can affect the absolute sensitivity that can question
the authenticity of the absolute number;

» Specific cases—certain materials have shown
that SSST testing may not be possible because of
the physical nature of the material.

Comparison of Statistical Analysis of RDX Re-
sults

The RDX standard was tested multiple times
during the proficiency test by all the participants
yielded enough data to make set expectations of
future results based on statistical analysis. Table 3
shows these expected results and variation for
RDX for all the SSST testing. The table also in-
cludes suggested sources for the variation, both
environmental and other. A full discussion of the
results can be found elsewhere."'

Table 3. Ranges of DSC Parameters for RDX Class 5 Type II

Parameter' Pinhole Old Pinhole New Sealed LLNL Sealed IHD
Endothermic Onset, °C 187.3-187.8 187.4-188.6 187.3-187.8 186.1-187.8
Range (Average) (187.7£0.2) (188.0£0.2) (187.6+0.2) (187.4 % 0.6)
Endothermic Minimum, °C 188.3-189.2 188.7-189.9 188.3-189.1 188.3-190.0
Range (Average) (188.9£0.3) (189.4+0.3) (188.8+0.3) (189.3 £ 0.8)
Endothermic Minimum, °C 198.8-200.0 198.6-200.8 198.8-199.4 198.1-199.8
Range (Average) (199.2 £ 0.3) (199.9 £ 0.5) (199.0 £ 0.2) (199.1+0.8)
Endothermic Enthalpy, J/g 126-181 92-146 114-144 92-123
Range (Average) (142 £ 15) (128 + 14) (133+9) (102 £ 11)
Exothermic Onset, °C
2 203-219 201-225 203-220 209-215
Range
Exothermic Maximum, °C 238.7-243.5 239.8-244.2 230.6-244.0 237.4-241.9
Range (Average) (241.6 £ 1.4) (242.3£1.0) (235.3+3.9) (239.8+1.8)
Exothermic Enthalpy, J/g 1890-2432 1947-2385° 2003-3805 4203-4662
Range (Average) (2244 £ 177) (2174 £ 120) (3108 + 495) (4423 £ 179)

1. Onset is the beginning of the maximum or minimum as automatically identified by the equipment, endothermic min. is the minimum temperature of
the endothermic feature, endothermic enthalpy is the overall enthalpy of the two overlapping endothermic features, exothermic max. is the maximum
of the exothermic feature; 2. Range only because the transition between the endothermic and exothermic features overlap; 3. Two values from IHD Set

2 discarded due to sample holder rupturing during experiment
Conclusions

The conclusions from the analysis of results
from the IDCA proficiency test are best under-
stood by listing some general recommendations for
HME testing. These recommendations are the
following:

* Develop new sampling methods that guarantee
obtaining a representative sample particularly for
very small samples of mixtures, samples that have

volatile components, and samples that have large
mismatch of particle sizes;

+ Carefully assess particle-size distributions of
mixtures as particle size affects most measure-
ments;

* Recognize that relative sensitivity to a standard
can change when testing conditions are altered
because the standard may behave differently to the
altered conditions than the target material;

* Recognize that SSST testing may not reflect the
true sensitivity of the material for a specific appli-



cation because of the dependency of the results on
experimental configuration;

* Develop new methods to test liquids, specifically
dealing with volatility issues and development of
an appropriate liquid standard;

* Develop instrument-based detection to lesson
reliance on observation.

Although further research to advance a better
understanding of SSST testing on a fundamental
level is slow in being funded, efforts to better
standardize testing procedures are being forwarded
by the Explosives Testers User Group, organized
by Safety Management Services, which is an or-
ganization that includes many different energetic
materials testing laboratories.
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Questions and Answers from the review:

Question 1: The paper begins with a discussion of
the differences between sensitively results between
the various testing labs. The descriptions are very
qualitative (e.g. LANL tends to be more sensitive).
It would be nice to give a more quantitative de-
scription of this (e.g. LANL tended to show sensi-
tive that were XX-YY% greater than the average).

Answer 1: The more quantitative view of the pro-
ficiency test is presented in reference 11. Without
knowing the statistical significance of differences
between values from each laboratory, comparing
the differences in results as a percentage would be
confusing and possibly misleading. Reference 11
frames the differences in context of testing among
the participants of the proficiency test, as well as
what would be expected if any laboratory were
doing the testing.

Question 2: In the section comparing the BAM and
ABL friction tests, the paragraph beginning with
“A Dbetter indicator of the differences...” begs for
more clarification. Why are these relative sensitivi-
ties a better indicator of the differences between
each method?

Answer 2: The application of force by BAM is a
weight on a pin that is applied to the sample staged
on a ceramic plate. The application of force by
ABL is the force of a pendulum at a specific veloc-
ity (which can be varied) colliding with a steel
plate that has a stationary grooved wheel on top of
the sample. Although the energy transferred in
both cases can probably be calculated or measured,
the application of the energy is by completely dif-
ferent mechanisms. Figure 4 diagrams this in the
drawings. To adequately compare the absolute
numbers would require engineering very signifi-
cant engineering models of both systems. Empiri-
cally, we tried to see if there was a correlation, but
the paper summarizes that there was not. The net



level is to compare the relative ordering. Added to
the text: The relative ordering of the Fsy or TIL
values of the sensitivities of the materials highlight
the differences (and similarities) of the two testing
methods. If the sensitivity of a specific material is
compared relative to a well-characterized standard,
then the almost impossible task of comparing sen-
sitivities in kg to sensitivities in psig at a specific
velocity is somewhat overcome.

Question 3: In the section on the statistical analy-
sis of RDX you suggest that the ARL 180 data is
the outlier. Is there a reason/hypothesis for this?
You touch on some of the variables that could
cause this in the next section, but never directly
address this issue.

Answer 3: This is not true. The paragraphs that
follow this statement directly address this issue—
the application of ANOVA analysis as well as
subgrouping by Tukey and by Fisher methods. 1
reworded the statement following to assist the
reader to recognize the effort we put into perform-
ing statistical evaluations to make these state-
ments.

Question 4: In the section on correlation with test-

ing variables, you mention possible correlations
with sandpaper and humidity. These statements
need more clarification as to the nature of these
correlations or what is being done to understand
them.

Answer 4: Reference 3 shows many of the effects
of sandpaper type on impact sensitivities for
HMESs. The effect of grit on non-shock initiation
has been studied for 75 years and is still not com-
pletely understood. Humidity experiments will not
be studied further in this proficiency test. Text has
been added to explain this, as well as additional
references.

Question 5: The conclusions section talks about
proposed changes to SSST to improve reliability
of the tests. Is there an effort to develop standards
to address the issues identified? If, so I think it
would be good to mention that work.

Answer 5: Added text and reference to the SMS
ET User group that currently is organizing a round
robin test that will help standardize testing proce-
dures as well as instrument calibrations and incor-
poration of other tests.

Final Version published in the Fifteenth International Detonation Symposium, ONR-43-280-15, 1454-1463

(2105).

Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States govern-
ment. Neither the United States government nor Lawrence Livermore National Security, LLC, nor any of
their employees makes any warranty, expressed or implied, or assumes any legal liability or responsibility
for the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed,
or represents that its use would not infringe privately owned rights. Reference herein to any specific com-
mercial product, process, or service by trade name, trademark, manufacturer, or otherwise does not neces-
sarily constitute or imply its endorsement, recommendation, or favoring by the United States government
or Lawrence Livermore National Security, LLC. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States government or Lawrence Livermore National Securi-
ty, LLC, and shall not be used for advertising or product endorsement purposes.

Lawrence Livermore National Laboratory is operated by Lawrence Livermore National Security, LLC, for
the U.S. Department of Energy, National Nuclear Security Administration under Contract DE-AC52-

07NA27344.



